genomic and transcriptional levels. Comparison of their relative abundance showed that 23 evaluating functional genes at the transcription level is a more reliable indicator for 24 understanding fluctuations in xylanase levels. The expression patterns of six xylanase 25 genes, detected at all time points of the feeding cycle, were investigated; we observed a 
MATERIALS AND METHODS

88
Sampling of rumen contents and measuring ruminal parameters. Three two-year-old 89 Small Tail Han sheep, with well-closed rumen fistulae, were individually housed in 90 concrete-floored pens. The sheep were fed once a day (at 8.00 am) for one month on a 91 diet of 10% barley, 18% wheat bran, 60% corn stalk and 12% soybean meal 92 (forage:concentrate ratio of 60:40). Rumen content samples (~50 g) were collected prior 93 to feeding (i.e., at 0 h) via a rumen cannula and again at 2, 4, 6, 9, 12, 16, 20 and 24 h 94 after feeding. The ruminal samples were immediately centrifuged for 10 min at 17,000 × 95 g and 4°C, and the pH of the supernatant for each sample was measured using a glass pH 96 electrode (FiveEasy™ FE20; Mettler-Toledo AG, Greifensee, Switzerland). One-half of 97 each homogenized pellet was mixed with RNAlater (Invitrogen, Carlsbad, CA), a reagent 98 that protects and stabilizes cellular RNA. The other half of each pellet was used for 99 enzyme activity measurements and DNA extraction. All samples were frozen in liquid 100 nitrogen within 5 min, then stored at -70°C until needed. For the xylanase activity assay, 101 frozen pellets (0.5 g each) were thawed at room temperature and suspended in 5 ml 102 phosphate buffer (100 mM, pH 6.8), and then 2 ml of CCl 4 and 2 ml of an aqueous 103 lysozyme solution (4 g/l; Amresco, Solon, OH) were added. The mixtures were incubated 104 at 39°C with shaking (200 rpm) for 3 h, then centrifuged at 17,000 × g for 20 min, 105 following standard methods for extracting microbial enzyme activity from rumen sample 106 (28, 29). The supernatants were collected and assayed for xylanase activity using the amplified by PCR using the gene-specific primers qPCR-GFP-F/-R from the DNA 120 extracted from rumen contents (Table S1) (5'-GTAAAACGACGGCCAGT-3') and M13R (5'-GGATAACAATTTCACACAGGA-3').
165
Clones were then sequenced by Biomed (Beijing, China Table S1 , and cloned into plasmid pET-22b(+) (Novagen, Darmstadt, Germany). The Phylogenetic analysis of GH 10 xylanase sequences from five clone libraries.
280
Redundant sequences from the five clone libraries were removed as described above, and 281 44 distinct sequences (identity < 95%) were used to construct an unrooted phylogenetic 282 tree with 7 reference genes from GenBank (Fig. 2) initial decline for 9 h after feeding, followed by an increase for 7 h to reach the initial 336 values before the next feeding (Fig. S3A) . Transcription from the six genes showed a 337 more complex pattern, with different trends throughout the feeding cycle (Fig. S3B) , 338 although xynA was also the predominant transcribed xylanase gene. The expression of 339 these six genes at the genomic and transcription levels is compared in Fig. 3 (Fig. 4) . Both enzymes showed the maximum activity at pH 359 6.0 (Fig. 4A) 
